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An Improved Model Predictive Torque Control with Fuzzy

Unweighted Factor Based on Virtual Vectors

ZHANG Tao” , SUN Quanzeng, GAO Zilun, LI Zhengguo, ZHANG Zhifeng
(School of Electrical Engineering, Shenyang University of Technology, Shenyang 110870, China)

Abstract: [Objective] Aiming at the problems of designing
and tuning the weighting factors of the model predictive torque
control ( MPTC ) of dual three-phase permanent magnet
synchronous motor ( DTP-PMSM ) and the high harmonic
currents in the x-y plane, an improved MPTC method with
fuzzy unweighted factor based on virtual vectors was
proposed. [ Methods] Firstly, the tracking errors of torque
and flux linkage were constrained by fuzzy dynamic boundary
conditions, respectively, and the selection of voltage vectors
was carried out under the constraint boundaries. The selected
voltage vectors were required to keep the tracking errors of the
torque and flux linkage within the boundary conditions,
respectively. The two sets of vectors that meet the two
boundary conditions were intersected according to set rules to
select the optimal vector. Secondly, a set of virtual voltage
vectors synthesized from four vectors was introduced as an
alternative set of vectors to suppress the harmonic currents of
the system. Finally, the improved MPTC proposed in this
paper was compared and analyzed with the traditional MPTC,
virtual vector-based MPTC and relative error rate cost
function-based MPTC through simulation. [ Results] The
simulation results showed that compared with the traditional
MPTC , virtual vector-based MPTC and relative error rate
cost function-based MPTC, the total harmonic distortion of
phase current of the improved MPTC proposed in this paper
was reduced by 87.53% , 26.57% and 35.05% , respectively.
The root mean square error of flux linkage ripple was reduced
by 69.23% , 50% and 20% , and the root mean square error
of torque ripple was reduced by 6.15% , 4.95% and 3.89% ,
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respectively. The regulation time at load start-up was reduced
by 15.7% , 22.9% and 44.8% , respectively, with smaller
steady-state error and faster response. [ Conclusion] The
control method proposed in this paper not only achieves
effective control of torque and flux linkage in DTP-PMSMs,
but also eliminates the uncertainty introduced by the weighting
factor, improves the dynamic performance of the system, and
effectively suppresses the harmonic currents in the x-y plane,
which has good feasibility.

Key words: dual three-phase permanent magnet synchronous
motor; model predictive torque control; weighting factor;

fuzzy control; virtual voltage vector
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Fig.1 Voltage vector distribution in the a- plane
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Fig.2 Voltage vector distribution in the x-y plane
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Fig.3 The distribution of synthetic voltage vector of
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Fig.4 Distribution of virtual voltage vectors
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Fig. 5 Virtual voltage vector PWM signal
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Fig. 6 Structural block diagram of dynamic fuzzy unweighted factor MPTC
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Fig.7 The membership function of the number of

voltage vectors of the AF set

B8 HEARNAREERH
Fig.8 The membership function of torque

constraint boundary
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Fig.9 The membership function of the number of

voltage vectors of the BF set
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Fig. 10 The membership function of flux linkage

constraint boundary

R1 BIEARBFEMAN

Tab.1 Torque constraint boundary fuzzy rules
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Tab.2 Flux linkage constraint boundary fuzzy rules
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Tab.3 DTP-PMSM main parameters
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Fig. 11 Simulation results
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B 12 3SR FFT 547
Fig. 12 Steady-state current FFT analysis
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Tab.4 Control performance comparison of four
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